R eceiving a cancer diagnosis is a psychological trauma that adds to the physical effect of the disease. In a large cohort of 6 million Swedes, patients who had received a cancer diagnosis had increased risk of suicide compared with cancer-free persons, particularly in patients with esophageal cancer. 1 A recent meta-analysis showed that one-third of patients with cancer in acute care hospitals suffer from mental health disorders and need appropriate treatment. 2 This psychological impact of cancer diagnosis is heightened by complex surgical interventions, however poorly considered in perioperative care. Surgeons have typically focused on objective and easily measurable surgical outcome including perioperative mortality, major morbidity, and survival, and have rarely assessed the psychological distress incurred by surgery. Only a few studies have examined psychiatric morbidity after gastrointestinal cancer surgery. [3] [4] [5] Those studies are limited to esophagectomy 3, 4 and depression. 5 Population-level assessment of risk across different procedures is lacking. This will inform survivorship programs given the improvements in long-term survival after gastrointestinal cancer surgery with recent advances in perioperative care, surgical techniques, and multimodality treatments. [6] [7] [8] Primary care electronic records have previously been used to evaluate psychiatric morbidity in the UK population. 9, 10 Primary care physicians (PCPs) are often the first point of contact when such illnesses arise, and are well placed to diagnose and treat patients in the community. Patient-level linkage of routinely collected primary care and hospital administrative data allows for the longitudinal evaluation of morbidity related to hospital treatment in primary and transparent account of the study being reported; that no important aspects care. 11, 12 In light of drives to transfer clinical skills and resources from hospitals to the community, the evaluation of linked hospital and primary care data may be a valuable way of assessing the overall impact of surgery on patients within the framework of integrated health systems. 13 The aim of this study was to use linked national datasets to measure the incidence of newly diagnosed psychiatric morbidity after surgery for gastrointestinal cancer. For the purposes of this analysis, patients undergoing surgery for benign gastrointestinal disorders will serve as controls. These data will be used to identify patient and surgery-related factors associated with the development of psychiatric morbidity, and evaluate its effect on survival after gastrointestinal cancer surgery.
METHODS

Database Linkage
Approximately 10% of the UK population is registered with practices that enter data into the Clinical Practice Research Datalink (CPRD), formally the General Practice Research Database, which has generated the highest number of peer-review publications from primary care electronic health records. 14 About half of all CPRD practices are linked to inpatient Hospital Episodes Statistics (HES) data, which contain clinical information for each episode of care in English hospitals. Additionally, 95% of practices also have linkage to death certificate information in the Office of National Statistics (ONS) database. Only practices with patient-level linkage of CPRD, HES, and ONS were included in the study. Linkage to the National Cancer Intelligence Network (NCIN) allowed for evaluation of stage-adjusted risk in the 90% of cancer patients in whom data were available. Linkage to socioeconomic and prescription data allowed for the incorporation of these covariates into regression models. Linking of data was performed centrally using the National Health Service number. 15 Database coverage was from April 1, 1997 to March 31, 2012 to allow for the evaluation of index gastrointestinal surgical procedures performed between April 1, 2000 and March 31, 2011 preoperatively with data available up to 36 months preoperatively to measure psychiatric preoperative morbidity and 12 months postoperatively to measure postoperative psychiatric morbidity in each patient.
Study Population
Surgical patients and indications for surgery were determined from the HES database as operation and diagnosis codes in surgical patients have previously been validated. 16 Patients undergoing gastrointestinal procedures coded in HES by the Classification of Interventions and Procedures from the Office of Population Census and Surveys (OPCS) version 4.4 and the International Classification of Diseases version 10 (ICD-10) were included in the study (Supplemental Digital Content Table 1 , http://links.lww.com/SLA/A852). Patients over 18 years of age were included if they had an index surgical procedure coded for by an OPCS code in the first position of the first chronological operation in a hospital admission. Only patients in whom the index episode also specified a designated diagnosis (coded in the first position for diagnosis by ICD-10) as the indication for surgery were included in the study. Some patients had more than 1 index procedure recorded when they had index procedures that satisfied the criteria at least 30 days apart on separate hospital admissions. In patients who had other surgical procedures before the index procedure as part of work-up, such as staging laparoscopy, the definitive surgical resection was considered as the index operation and reference time-point for measuring psychiatric morbidity.
Patient Characteristics
Age, sex, and comorbidities were derived from HES. Socioeconomic status was derived from the Index of Multiple Deprivation.
The Charlson score was used as a measure of comorbidity and derived from diagnosis codes in HES recorded during hospital admission for the index procedure and in previous hospital admissions up to 36 months before the index procedure. 17 Weightings for comorbidities were adopted from previous work on standardized mortality ratios in HES. 18 
Psychiatric Morbidity
Psychiatric morbidity before and after surgery were measured by identifying diagnosis codes for psychiatric illness in CPRD and HES, and prescription codes for treatment for psychiatric illness. In CPRD, medcodes are diagnosis codes based on the Read clinical coding system for primary care electronic health records in the UK. 19 Codes for the diagnoses of depression, psychosis (bipolar disorder and schizophrenia), and anxiety were measured in CPRD (Supplemental Digital Content Table 2 , http://links.lww.com/SLA/A852). In HES, ICD-10 codes recorded in the first position of a hospital episode (signifying the main condition treated) for the diagnoses of depression, mania, bipolar affective disorder, delusional disorder, and neurotic disorder were identified in hospital admissions other than the hospital admission for the index surgical procedure. Personality disorder was not included in the analysis of either database. Prescription data were evaluated for codes for commonly used medications for psychiatric illness including antidepressants (fluoxetine, paroxetine, sertraline, citalopram, es-citalopram, mitrazapine, and venlafaxine), antipsychotics (quetiapine, risperidone, and olanzapine), mood stabilizers (lithium), and anxiolytics (diazepam and lorazepam). Patients were considered to have psychiatric morbidity if they had a diagnosis code in CPRD or HES, or a prescription code between 36 months before and 12 months after surgery. Those with recorded postoperative psychiatric morbidity but no preoperative psychiatric morbidity were considered to have newly diagnosed psychiatric morbidity. Recordings of preoperative and postoperative psychiatric morbidity more than once in each database or in more than 1 database in the same patient were not counted as separate psychiatric events to avoid double-counting of the same patient.
Surgical Morbidity
Diagnosis codes for complications related to surgery including bleeding, organ injury, wound infection, wound dehiscence, pneumonia, myocardial infarction, cerebrovascular accident, acute renal failure, and venous thromboembolism were identified in HES, CPRD, and ONS (Supplemental Digital Content Table 3 , http://links.lww.com/ SLA/A852). Additionally reoperation for organ resection, bleeding, formation or attention to stoma, small bowel obstruction, woundrelated complications, and peritoneal drainage were identified in HES and defined by a modification of a previously described method using operation (OPCS) codes (Supplemental Digital Content Table 4 , http:// links.lww.com/SLA/A852). 20 The presence of any complication or reoperation within 30 days of surgery signified short-term surgical morbidity, which was evaluated against risk of psychiatric morbidity and overall mortality after one year.
Mortality
Death, date of death, and cause of death were determined from ONS data. One-year mortality was the primary outcome to allow for meaningful evaluation of the relationship between psychiatric morbidity and survival after surgery beyond the immediate perioperative period. Codes for intentional self-harm in any of the 15 causes of deaths were used to identify suicide (ICD-10 codes X60-X84). 21 
Statistical Analysis
SPSS version 22.0 (SPSS for Windows, Chicago, IL) was used for all analyses. Psychiatric morbidity was recorded as a binary outcome preoperatively and postoperatively. The Chi-squared test was used for all bivariate analyses. Logistic regression explored the effects of patient characteristics, year of surgery, preoperative psychiatric morbidity, emergency surgery, and surgical morbidity on postoperative psychiatric morbidity by adjusting for the diagnosis of cancer and surgical procedure in separate models. Then, the effects of psychiatric morbidity on mortality were evaluated in patients with benign disease and cancer separately, by adjusting for patient characteristics, year of surgery, emergency surgery, surgical morbidity, and cancer stage (cancer patients only). For this, patients with no psychiatric morbidity, patients with preoperative psychiatric morbidity, and patients with postoperative psychiatric morbidity without preoperative psychiatric morbidity (newly diagnosed psychiatric morbidity) were considered as separate categories. In regression models, age, socioeconomic status, Charlson score, and year of surgery were entered as continuous variables whereas all other variables were categorical. A P < 0.05 was statistically significant for all tests. Patients with missing NCIN data were categorized as unknown cancer stage.
RESULTS
Data from 364 practices with patient-level linkage of CPRD, HES, ONS, IMD and prescription data NCIN were studied. From April 1, 2000 to March 31, 2011, a total of 62,076 primary surgical procedures were evaluated in 60,550 patients. Characteristics of the study cohort, surgical morbidity, and 1-year mortality for the 8 index gastrointestinal surgical procedures are presented in Table 1 
Psychiatric Morbidity
Overall, 22.8% (14,123/62,076) of procedures had psychiatric morbidity recorded either before or after surgery. The proportion of procedures with either preoperative or postoperative psychiatric morbidity recorded in each database was 12.1% (7505/62,076) in CPRD, 2.4% (1483/62,076) in HES, and 16.8% (10,413/62,076) in prescription data. Out of the procedures with recorded psychiatric morbidity, the overlap among databases was 4.1% (578/14,123) between CPRD and HES, 28.1% (3975/14,123) between CPRD and prescription data, When combining the results from all 3 databases, the overall rates of preoperative psychiatric morbidity was 20.1% (9513/47,279) and postoperative psychiatric morbidity 11.7% (5545/47,279) in patients with benign disease. In patients with cancer, the overall rate of preoperative psychiatric morbidity was 13.5% (1991/14,797) and postoperative psychiatric morbidity was 10.1% (1500/14,797). Out of the index surgical procedures evaluated, rates of preoperative and postoperative psychiatric morbidity were the highest in bariatric surgery (41.1% preoperatively and 22.1% postoperatively). In the remaining procedures, although hepatopancreaticobiliary resection and esophagogastrectomy were associated with the lowest rates of preoperative psychiatric morbidity (13.9% and 14.3%, respectively), these procedures had the highest rates of postoperative psychiatric morbidity (13.5% and 13.9%, respectively). Logistic regression analysis of all procedures revealed that age, female sex, low socioeconomic status, comorbidity, surgical morbidity, and preoperative psychiatric morbidity were independent predictors of postoperative psychiatric morbidity (Table 3 ). When adjusted for these covariates, the diagnosis of cancer independently predicted postoperative psychiatric morbidity [odds ratio (OR) ¼ 1.19, 95% CI 1.09-1.29] (Table 3a) . In a separate model that evaluated the risk associated with each type of surgical procedure, hepatopancreaticobiliary resection (OR ¼ 2.40, 95% CI 1.93-2.98) and esophagogastrectomy (OR ¼ 2.55, 95% CI 2.10-3.10) were associated with the highest adjusted risks of postoperative psychiatric morbidity (Table 3b) .
Overall, patients with benign disease had significantly higher rates of preoperative psychiatric morbidity compared with cancer patients ( Table 4 ). The rate of newly diagnosed psychiatric morbidity was significantly higher in cancer patients compared with those with benign disease. In cancer patients, depression was the most common type of psychiatric morbidity, closely followed by anxiety disorders. There was a greater proportion of cancer patients with perioperative anxiety disorders (53.0%, 1452/2738) when compared with patients with benign disease (42.8%, 4868/11,385).
Mortality
There were 3289 deaths in total within 1 year of surgery. Mortality was significantly higher after cancer surgery 16.3% (2417/14,797) compared with surgery for benign disease 1.8% (872/47,279) ( Table 4 ). Logistic regression analysis showed that age, comorbidity, emergency surgery, surgical morbidity, and advanced cancer stage (cancer patients only) were predictors of 1-year mortality (Table 5 a and b). Year of surgery was negatively correlated with mortality. When adjusted for these covariates, preoperative psychiatric morbidity (OR ¼ 1.16, 95% CI 1.01-1.33) and newly diagnosed psychiatric morbidity (OR ¼ 1.87, 95% CI 1.55-2.27) were independently associated with increased 1-year mortality in patients undergoing surgery for cancer. There was no correlation between psychiatric morbidity and increased mortality in patients undergoing surgery for benign disease. Out of all deaths in the study, 0.13% (6/4595) deaths were at least partly attributable to self-harm.
DISCUSSION
This was a large national database study of 8 different gastrointestinal surgical procedures out of which a quarter of operations were for gastrointestinal cancer. The results showed that when adjusted for other risk factors, the diagnosis of cancer (OR ¼ 1.19) The total number of patients in each category is less than the sum of patients according to type of psychiatric diagnosis as some patients had more than 1 diagnosis. Postoperative psychiatric morbidity is a prevalent issue with about a tenth of patients developing a psychiatric event within 1 year after gastrointestinal cancer surgery. The majority of these diagnoses were made by PCPs, but closer scrutiny by psychiatrists may reveal a higher rate of psychiatric morbidity related to cancer surgery. This study identified important patient related factors associated with postoperative psychiatric morbidity including age, female sex, low socioeconomic status, increasing comorbidities as reflected by the Charlson score, surgical morbidity, and most importantly preoperative psychiatric morbidity. When adjusted for these covariates, cancer diagnosis and the complexity of surgery as reflected by the greatest odds ratios seen with hepatopancreaticobiliary resection and esophagogastrectomy appeared to influence the development of postoperative psychiatric morbidity. This is most likely because of the substantial impact upon patient functional status and quality of life that are seen more commonly with such surgical procedures. 22 Taking the example of esophagectomy, changes in dietary and functional status are often seen, and quality of life can take up to 1-year to reach baseline levels, 23 with constant fear of tumor recurrence. 24 Surgical morbidity was another dimension of surgical intervention that was independently associated with postoperative psychiatric morbidity. The data demonstrate that achieving good perioperative results in gastrointestinal surgery is likely to translate to improvements in psychiatric and overall outcome.
In cancer surgery, the rate of newly diagnosed postoperative psychiatric morbidity was significantly higher than in benign surgery, and independently associated with increased all-cause 1year mortality when adjusted for cancer stage and surgical morbidity. These observations are therefore unlikely to be related to progression of disease or the development of perioperative complications. Furthermore as only 0.13% of deaths were attributable to self-harm, postoperative psychiatric morbidity did not directly reduce survival by increasing risk of suicide. These findings suggest that psychological stress after gastrointestinal cancer surgery manifested as postoperative psychiatric morbidity may indirectly increase 1-year mortality. Previous studies evaluating the biological effects of psychiatric morbidity have found changes in immunological function, 25 which may influence the body's defence against cancer and surgery. Psychological stress may also increase the prevalence of maladaptive behaviors including general neglect, reduced exercise, noncompliance with medication, and increased smoking, which can all contribute towards increased mortality.
In patients undergoing surgery for benign disease, psychiatric morbidity was not associated with increased mortality. These procedures had significantly lower mortality rates so that other outcome measures such as quality of life may better reflect the impact of psychiatric morbidity. The rate of preoperative psychiatric morbidity, however, was higher than in cancer patients. Depression was the most common diagnosis in this group, with a much smaller proportion of patients with anxiety disorder compared with cancer patients. Affected patients may benefit from additional support to minimize the potential impact of psychiatric morbidity on functional status benign after surgery.
The effects of psychiatric morbidity on surgical outcome have previously been studied in cardiac surgery. Depression or anxiety are prevalent in up to 40% of cardiac patients, who are at increased risk of surgical morbidity and mortality. 26 Interactions with psychiatric medication and lack of participation in rehabilitation programs have been identified as contributing factors in this setting. In patients with cancer of the gastrointestinal tract, it is recognized that psychiatric morbidity is associated with increased overall mortality irrespective of surgery. 2 A previous meta-analysis found the relative increase in mortality risk from depression to be 1.39 in such patients. 5 Only a few studies have evaluated the impact of perioperative psychiatric morbidity related to surgical intervention. A prospective study of the Swedish Nationwide Database demonstrated that psychiatric morbidity significantly increased mortality after esophagectomy. 4 In this study, the authors reported increased mortality risk associated with inpatient psychiatric care (OR ¼ 1.65), outpatient psychiatric care (OR ¼ 1.93), and psychotropic medication (OR ¼ 2.77). In another study of patients undergoing abdominal aortic surgery, posttraumatic stress and depression were found to affect 32% of patients. 27 However, the influence of psychiatric morbidity on outcome was not assessed in this study.
In light of the paucity of research in this area, we used large linked national datasets to quantify perioperative risk of psychiatric morbidity across different gastrointestinal procedures. Based on our findings, the incidence of postoperative psychiatric morbidity coupled with its influence on 1-year survival highlights the need to integrate psychological support into postoperative care for at-risk cancer patients. Identification of patients with preoperative psychiatric morbidity who are at risk of poor outcome will allow them to receive focused psychological and medical therapy in the perioperative setting to enhance their postoperative recovery and reduce longterm mortality. Early detection and psychological intervention may be achieved through preoperative assessment by a psychiatrist or psychologist, or alternatively by a screening tool that evaluates psychological aspects of postoperative recovery including emotional intelligence and coping abilities. The Hospital Anxiety and Depression Scale has previously been used as a screening tool, which may be adapted for use in the perioperative setting. 28 Emphases on shortening hospital stay through day-case operating and enhanced recovery have shifted a component of postoperative recovery to the primary care setting. 6, 29, 30 It is therefore important to raise awareness among surgeons and PCPs about the probability and importance of diagnosing and treating perioperative psychiatric illness. Our study suggests that significant resources are required to treat postoperative psychiatric morbidity with 8.6% (5346/62,076) of patients requiring medication and 1.1% (682/62,076) needing hospital admission ( Table 2 ). To reduce this burden, future research should focus on evaluating the value of routine psychiatric assessment and early intervention in minimizing psychiatric morbidity and improving outcome in gastrointestinal surgery. This is the first study to use linked hospital and primary care databases to evaluate psychiatric morbidity related to surgery. The individual datasets included in our analysis are being increasingly utilized for the purposes of evaluating psychiatric illness at population level. Using CPRD, previous studies have reported rates of severe mental illness and depression in the community that were comparable to other epidemiological studies. 9, 10 Others have evaluated hospital admissions for psychiatric illness using HES, which is a reliable method of determining the reason for admission. 31 Only a small proportion of psychiatric morbidity was detected in HES in our study. Similarly, in a prospective study using a national database, Wikman et al 4 found that only 2.5% of patients required hospital admission for psychiatric morbidity within 2 years after esophagectomy. The majority of psychiatric morbidity in our study was diagnosed by PCPs or detected from prescription data. A previous systematic review has shown primary care records to be accurate for most diagnosis groups including behavioral disorders, adding validity to our method. 32 In our study, patients must have presented to healthcare to be diagnosed. The recording of postoperative psychiatric morbidity in cancer patients may therefore reflect more frequent interaction with healthcare systems through intensive postoperative follow-up. Prescription data are also increasingly used to evaluate psychiatric morbidity and associated healthcare costs in the community. 33, 34 Although analytical methods in the literature vary considerably, we were specific in our approach to evaluate only the most commonly used medications for treating psychiatric illness. Even so, it was not possible to rule out other indications for benzodiazepine or lithium treatment, which may have led to overcounting. Equally, a considerable number of patients with psychological problems are likely to receive counseling and other psychological therapies rather than medication, for which data were not available, raising the potential for under-counting. Finally, the distinction between preoperative and postoperative psychiatric morbidity may be arbitrary, as the effects on psychological state are likely to arise, at least in part, during the onset of disease and the gravity of diagnosis.
In conclusion, this study has identified that postoperative psychiatric morbidity is seen in a tenth of patients after gastrointestinal cancer surgery and is associated with an increase in 1-year mortality. Future research must focus on strategies to identify patients at risk preoperatively and appropriate targets within existing healthcare frameworks to reduce the observed adverse impact of psychiatric morbidity.
